Introduction
============

The global incidence and prevalence of lung cancer are rapidly increasing. In 2015, the estimated total number of incident lung cancer cases was 733,300.[@b1-ceor-9-099] Approximately 85% of these cases are non-small-cell lung cancer (NSCLC), a common lung cancer which develops slowly compared to small cell lung cancer but is less receptive to chemotherapy treatments.[@b2-ceor-9-099] A Chinese analysis of 274 patients with NSCLC found 39.8% had squamous cell carcinoma, and 67.9% had advanced stage disease (IIIB--IV).[@b3-ceor-9-099] The treatment for advanced stage NSCLC typically consists of chemotherapy, surgery, and radiation therapy. After chemotherapy induction cycles, chemotherapy maintenance regimens may use a different drug to expose patients to an agent with a different pharmaceutical mechanism.[@b4-ceor-9-099]--[@b6-ceor-9-099] Alternatively, successful combination induction regimens may utilize the least toxic agent from the combined induction regimen as maintenance therapy, so that a proven beneficial therapy may continue to be administered while also decreasing a patient's adverse events.[@b7-ceor-9-099],[@b8-ceor-9-099]

Pemetrexed is a chemotherapy drug that inhibits the formation of precursor purine and pyrimidine nucleotides, preventing the formation of DNA and RNA that fuels the growth and survival of both normal and cancer cells.[@b9-ceor-9-099] Pemetrexed first gained approval in the USA in 2004 and is indicated (within the USA) for use in locally advanced or metastatic nonsquamous NSCLC after initial treatment in combination with cisplatin. It is also indicated for use as maintenance therapy for patients whose disease has not progressed after four cycles of platinum-based first-line chemotherapy and after prior single-agent chemotherapy.[@b10-ceor-9-099] Pemetrexed was approved by the Chinese Food and Drug Administration in 2011 for the initial treatment of patients with locally advanced or metastatic nonsquamous NSCLC when used in combination with cisplatin.[@b11-ceor-9-099]

In China, Eli Lilly and the China Primary Health Care Foundation are currently implementing a patient assistance program (PAP), which allows first-line nonsquamous NSCLC patients who complete four cycles of pemetrexed induction therapy to receive free, continuous pemetrexed maintenance therapy. To date, the clinical and cost implications of the PAP have yet to be determined, and no health economic analyses have considered the topic. The objective of our study is to estimate the cost-effectiveness of pemetrexed maintenance therapy vs basic standard care (BSC) and the economic impacts of providing a PAP for patients who have completed pemetrexed induction therapy in a Chinese health care setting.

Methods
=======

Approach
--------

We developed a novel decision-analytic model to evaluate the long-term costs and clinical efficacy of pemetrexed plus BSC vs BSC alone. Only direct medical costs related to treatment regimens were estimated, including induction therapy, maintenance pemetrexed therapy, BSC therapy, and major adverse events. The analysis was conducted from a Chinese health care perspective using a lifetime horizon to enable assessment of life expectancy. All costs are reported in USD, and long-term costs and outcomes were discounted at 3% per year.[@b12-ceor-9-099] We used a societal willingness-to-pay threshold of 39,900 USD per additional quality-adjusted life year (QALY), representing a threefold increase of the gross domestic product (GDP) per capita of China as recommended by the World Health Organization.[@b13-ceor-9-099],[@b14-ceor-9-099] The range from GDP per capita to three times GDP per capita (13,300--39,900 USD) was considered cost-effective, whereas any value less than GDP per capita (\$13,300) was considered "very cost-effective". All costs were converted to USD using an exchange rate of 1 USD =6.57 RMB.[@b15-ceor-9-099] The models were programmed in Microsoft^®^ Excel (Microsoft Corporation, Redmond, WA, USA). Ethical approval was not obtained because this is a health economic model based entirely on previously published literature and no patient level data was analyzed.

Population
----------

The PARAMOUNT trial examined the efficacy of pemetrexed continuation maintenance therapy vs placebo in patients with advanced nonsquamous NSCLC whose disease had not progressed during four cycles of pemetrexed--cisplatin induction chemotherapy.[@b16-ceor-9-099] The trial included 939 NSCLC patients, of which 539 patients did not progress while on induction therapy; then these patients were randomized 2:1 to receive either pemetrexed maintenance therapy or BSC.[@b16-ceor-9-099] The median follow-up at the overall survival (OS) data cutoff date was 12.5 months (95% confidence interval \[CI\]: 11.1--13.7 months) for all patients and 24.3 months (95% CI: 23.2--25.1 months) for surviving patients.[@b17-ceor-9-099]

Patients randomized to pemetrexed had a significant reduction in the risk of disease progression compared with the placebo group (hazard ratio \[HR\]: 0.62; 95% CI: 0.49--0.79; *p*\<0.0001)[@b16-ceor-9-099] and a statistically significant reduction in the risk of death (HR: 0.78; 95% CI: 0.64--0.96; *p*=0.0195).[@b17-ceor-9-099] The median progression-free survival (PFS) and OS for those on pemetrexed maintenance therapy were 4.1 months and 13.9 months compared with 2.8 months and 11 months for BSC, respectively.[@b16-ceor-9-099],[@b17-ceor-9-099] In addition, pemetrexed was well-tolerated by patients, although laboratory Grade 3--4 adverse events were more common in the pemetrexed group (33 \[9%\] of 359 patients) than in the placebo group (1 \[\<1%\] of 180 patients; *p*\<0.0001), as were non-laboratory Grade 3--5 adverse events (32 \[9%\] of 359 patients in the pemetrexed group; 8 \[4%\] of 180 patients in the placebo group; *p*=0.080).[@b16-ceor-9-099]

Model structure
---------------

We utilized a three-state (PFS, progressed disease, and dead) partition survival model, a commonly used method in advanced oncology indications, for both the clinical and economic aspects of the analysis. This approach uses the area under two survival curves (PFS and OS) to calculate the proportion of patients in each health state at a given time point.[@b18-ceor-9-099] Partition survival models bypass the need to estimate discrete transition probabilities and avoid the need for additional assumptions by modeling the survival data directly. The approach is relevant for modeling the range of events typically considered in the analysis of cost-effectiveness of health technologies including OS, disease-free survival, and PFS.

Hypothetical patients began the model in the PFS health state, where they remained until they either experienced disease progression or death from other causes. Patients in the progressed disease state remained there until they either died from progressed disease or from other causes. Patient survival, quality-adjusted survival, and health care cost were estimated for each model cycle and then summarized over the entire time horizon for both treatment options. Model cycles were 1 month each to account for the high rates of disease progression in NSCLC. We utilized a 5-year time horizon, at which point 95% and 98% of pemetrexed plus BSC and BSC alone patients had died, respectively; we chose this short time horizon due to the rapid rate of disease progression and in recognition of the limits of data extrapolation validity.

Clinical inputs
---------------

We fit parametric Weibull curves to digitized copies of PARAMOUNT-reported BSC arm Kaplan--Meier PFS (as reassessed at the time of OS data cutoff) and final OS data[@b17-ceor-9-099] using a maximum likelihood approach.[@b19-ceor-9-099] Parametric survival modeling allows extrapolation of hypothetical patient outcomes beyond trial-reported follow-up time. To calculate the pemetrexed plus BSC arm survival, we applied the trial-reported PFS and OS HRs at the time of OS data cutoff to the BSC arm's parametric curves ([Table 1](#t1-ceor-9-099){ref-type="table"}). We also modeled adverse event rates for anemia, neutropenia, and fatigue based on PARAMOUNT findings. Only adverse events with Grade 3--4 toxicity were considered.

Quality of life inputs
----------------------

We derived health state utility values for progression-free and progressed disease health states from a community-based study in advanced NSCLC from the UK, which used the standard gamble interview and visual analog scale to assess quality of life ([Table 1](#t1-ceor-9-099){ref-type="table"}).[@b20-ceor-9-099] Utility values were multiplied by the number of patients in each health state for each month in the time horizon, then summed for comparison between groups. Based on results of an EQ-5D questionnaire given during the PARAMOUNT trial, we assumed no significant differences in health conditions between the two study arms during maintenance therapy, and thus the same utility values were assigned to both treatment groups.

Cost inputs
-----------

Cost estimates for the model were largely derived from a previous Chinese perspective cost-effectiveness model of maintenance pemetrexed after cisplatin and pemetrexed chemotherapy for NSCLC ([Table 2](#t2-ceor-9-099){ref-type="table"}).[@b21-ceor-9-099] Drug costs were local to China and were sourced from GBI health.[@b22-ceor-9-099] For drug costs, we included the cost of induction therapy (four cycles) for both arms. We assigned a body surface area (used for calculating pemetrexed dosage) of 1.72 m^2^ for all patients. A multiplier of 0.3 was used for BSC costs between progressed and nonprogressed disease.[@b21-ceor-9-099]

Assumptions
-----------

We assumed that the HRs reported in the PARAMOUNT trial remained constant beyond trial-reported follow-up time in extrapolated survival estimates. In addition, we assumed that the PAP covered 100% of maintenance therapy costs, whereas non-PAP patients were charged the full cost.

Analysis
--------

We conducted a cost-effectiveness analysis comparing pemetrexed plus BSC vs BSC alone and considered both costs and clinical outcomes. In the pemetrexed plus BSC arm, we considered scenarios where 1) pemetrexed is unsubsidized using the PAP and 2) pemetrexed is 100% subsidized using the PAP. We calculated life years, QALY, and lifetime direct medical costs for both treatment groups. The incremental health benefit of pemetrexed plus BSC vs BSC alone was calculated as the incremental difference between effectiveness and risk changes, with both risk and benefit measured using QALYs. To calculate the incremental net benefit, PAP and non-PAP QALYs were multiplied by the societal willingness to pay per additional QALY, then we subtracted the costs to the health care payer resulting in either a benefit or cost to society. If the value is positive, it is a net benefit to society; if negative, it is a net cost to society. The incremental cost-effectiveness ratio (ICER) was calculated as the difference in costs divided by the difference in QALYs.

Model uncertainty was evaluated using one-way and multivariate probabilistic sensitivity analysis. One-way sensitivity analysis was performed using values derived from CIs or reasonable ranges as determined from published sources. Multivariate probabilistic sensitivity analysis was performed using Monte Carlo simulation, in which the model inputs were drawn from probability distributions based on parameter ranges representing the uncertainty in the estimate.

An additional analysis was undertaken to better understand the real-world impact of introducing the PAP in China. This analysis compares the use of the PAP vs non-PAP. In the non-PAP arm, all patients are expected to receive BSC after induction therapy ([Figure 1](#f1-ceor-9-099){ref-type="fig"}). In the PAP arm, the percentage of patients receiving maintenance therapy with pemetrexed was varied from 0% to 100%.

Results
=======

Pemetrexed plus BSC resulted in 1.41 (95% credible range \[CR\]: 1.19--1.70) life years and 0.74 (95% CR: 0.50--1.01) QALYs, at a cost of \$64,238 (95% CR: \$52,481--\$78,432) without a PAP and \$39,202 (95% CR: \$31,278--\$49,209) with a PAP ([Table 3](#t3-ceor-9-099){ref-type="table"}). The BSC group resulted in 1.19 (95% CR: 1.07--1.32) life years and 0.62 (95% CR: 0.43--0.82) QALYs, at a cost of \$36,134 (95% CR: \$29,817--\$43,120).

Compared to BSC, pemetrexed plus BSC resulted in a gain of 0.22 years of life (95% CR: 0.05--0.45) and 0.13 QALYs (95% CR: 0.04--0.25) per patient, at an increased cost of \$28,105 (95% CR: −\$22,720 to \$48,464) without a PAP and \$3,068 (95% CR: −\$1,263 to \$9,163) with a PAP. The ICER for pemetrexed plus BSC vs BSC alone was cost-prohibitive at \$222,700 for non-PAP, but cost-effective at \$24,319 with a PAP.

Even though pemetrexed was not charged to payers in the PAP scenario, the increase in costs compared to BSC was primarily driven by the extended survival brought by pemetrexed, and secondarily by the cost of adverse events with pemetrexed. The PAP and non-PAP scenarios both accounted for pemetrexed maintenance therapy and thus had equivalent survival outcomes. However, the PAP scenario represented a cost-savings of \$25,037 (95% CR: \$33,516--\$18,402) compared to non-PAP.

The results of the one-way sensitivity analyses are shown in [Figure 2](#f2-ceor-9-099){ref-type="fig"}, incremental cost, QALYs, and the ICER were primarily influenced by the OS HR.

In probabilistic sensitivity analysis, PAP was cost-effective vs BSC in 90.2% of simulations at a \$39,900 willingness-to-pay per QALY threshold, and 95.77% of simulations at a \$45,662 (¥300,000) threshold. The cost-effectiveness scatterplot and cost-effectiveness acceptability curve graphs are shown in [Figures 3](#f3-ceor-9-099){ref-type="fig"} and [4](#f4-ceor-9-099){ref-type="fig"}.

The additional analysis compared a scenario of a PAP vs non-PAP. In the non-PAP arm, all patients received BSC, whereas in the PAP arm, the percentage of patients receiving pemetrexed was varied from 5% to 25%. The results of this analysis ([Table 4](#t4-ceor-9-099){ref-type="table"}) show that as the percentage of patients receiving pemetrexed increases, both costs and QALYs increase consistently, resulting in the same ICER for each iteration.

Discussion
==========

We developed a novel cost-effectiveness model to estimate the incremental cost and benefits associated with a PAP program for pemetrexed maintenance therapy in NSCLC patients from a Chinese societal perspective, based on the PARAMOUNT clinical trial and other published sources. We found that although pemetrexed maintenance therapy comes at considerable cost and is not cost-effective for the Chinese health care system at full price to payers, the addition of a PAP significantly drives the overall cost downward, making the survival benefits of pemetrexed maintenance therapy cost-effective and more widely available to patients.

A previous cost-effectiveness analysis looked at pemetrexed maintenance therapy without a PAP and similarly concluded that maintenance therapy was not cost-effective, suggesting a price reduction or dose adjustment was needed before widespread adoption by the Chinese health care system.[@b20-ceor-9-099] Our analysis considers the former recommendation, with potential manufacturer assistance in the form of a 100% discount for maintenance therapy given the patient completes a full course of nondiscounted induction therapy. Once a PAP is implemented in China, our model suggests that pemetrexed maintenance therapy will be highly likely (\>90%) to be cost-effective vs standard care.

Limitations
===========

Our model has a number of limitations worth noting. First, the clinical data used in our model was limited to a single clinical trial and did not include Chinese patients.[@b16-ceor-9-099],[@b17-ceor-9-099] Although PARAMOUNT was a relatively large cancer trial, the incorporation of data from other studies may provide more robust estimates. Regarding the absence of Chinese patients, Lee et al[@b22-ceor-9-099] and Liubao et al[@b24-ceor-9-099] concluded that the influence of such differences between Chinese individuals and other nationalities were not significantly different.[@b22-ceor-9-099],[@b24-ceor-9-099] Similarly, our quality-of-life estimations were informed by a single study.

Second, we assumed that the survival HRs reported by PARAMOUNT investigators, summarizing approximately 2 years of follow-up, were held constant over the 5-year time horizon of our model. In the absence of long-term followup data, simplifying but data-driven assumptions are often necessary in modeling studies. Nonetheless, our modeled parametric fits to the rapid rates of progression and death in PARAMOUNT resulted in all patients progressing before the second year, and \<1% of patients surviving to 5 years; thus, the brief time horizon of our analysis limited the impacts of extrapolating the distant future from relatively brief clinical trial.[@b16-ceor-9-099],[@b17-ceor-9-099]

Third, multiple assumptions were undertaken in the original cost estimations presented by Zeng et al.[@b21-ceor-9-099] BSC costs were not available for Chinese patients with advanced non-squamous NSCLC, and so costs for patients with advanced gastric cancer were used.[@b21-ceor-9-099]

Finally, we did not consider other available regimens such as erlotinib for maintenance therapy of NSCLC following pemetrexed induction therapy as we evaluated patients receiving pemetrexed who would otherwise be receiving BSC if not for the PAP.

Conclusion
==========

From the perspective of the Chinese health care system, our study suggests that maintenance pemetrexed therapy after pemetrexed induction for patients with advanced NSCLC is likely to be highly non-cost-effective in the absence of a PAP, but the pending implementation of the PAP promises to make it cost-effective, with a \>90% probability of cost-effectiveness at a Chinese willingness-to-pay threshold per QALY. Ongoing and future comparative clinical trials will provide valuable insight into the optimal treatment in second-line NSCLC, but presently, pemetrexed maintenance therapy combined with a PAP offers the best treatment option for NSCLC patients.
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###### 

Clinical model inputs

  Input                                  Base case   Range             Source
  -------------------------------------- ----------- ----------------- -----------------------------
  Patients                                                             
   Patient BSA                           1.72 m^2^   1.38--2.06 m^2^   Zeng et al[@b21-ceor-9-099]
  Effectiveness                                                        
   PFS hazard ratio, pemetrexed vs BSC   0.60        0.50--0.73        PARAMOUNT[@b17-ceor-9-099]
   OS hazard ratio, pemetrexed vs BSC    0.78        0.64--0.96        PARAMOUNT[@b17-ceor-9-099]
  Utility                                                              
   Utility, progression-free disease     0.65        0.26--0.87        Zeng et al[@b21-ceor-9-099]
   Utility, progressed disease           0.47        0.19--0.56        Zeng et al[@b21-ceor-9-099]
  Adverse event rates                                                  
   Anemia (pemetrexed)                   6.4%        5.12%--7.68%      PARAMOUNT[@b17-ceor-9-099]
   Neutropenia (pemetrexed)              5.8%        4.64%--6.96%      PARAMOUNT[@b17-ceor-9-099]
   Fatigue (pemetrexed)                  4.7%        3.76%--5.64%      PARAMOUNT[@b17-ceor-9-099]
   Anemia (BSC)                          0.6%        0.48%--0.72%      PARAMOUNT[@b17-ceor-9-099]
   Neutropenia (BSC)                     0.0%        0.00%--0.00%      PARAMOUNT[@b17-ceor-9-099]
   Fatigue (BSC)                         1.1%        0.88%--1.32%      PARAMOUNT[@b17-ceor-9-099]

**Abbreviations:** BSA, body surface area; BSC, basic standard care; OS, overall survival; PFS, progression-free survival.

###### 

Cost inputs

  Input                           Base case   Range              Source
  ------------------------------- ----------- ------------------ -------------------------------------------------------------------------
  Drug costs                                                     
   Pemetrexed 500 mg vial cost    \$1,820     \$1,456--\$2,184   GBI Health[@b23-ceor-9-099]
   Pemetrexed 100 mg vial cost    \$364       \$291--\$437       GBI Health[@b23-ceor-9-099]
   BSC cost (per month)           \$2,047     \$1,638--\$2,456   Zeng et al[@b21-ceor-9-099],[\*](#tfn2-ceor-9-099){ref-type="table-fn"}
  Adverse event costs                                            
   Anemia (cost per event)        \$538       \$431--\$646       Zeng et al[@b21-ceor-9-099],[\*](#tfn2-ceor-9-099){ref-type="table-fn"}
   Neutropenia (cost per event)   \$467       \$374--\$561       Zeng et al[@b21-ceor-9-099],[\*](#tfn2-ceor-9-099){ref-type="table-fn"}
   Fatigue (cost per event)       \$117       \$93--\$140        Zeng et al[@b21-ceor-9-099],[\*](#tfn2-ceor-9-099){ref-type="table-fn"}

**Note:**

Data from Zeng X, Peng L, Li J, Chen G, et al, Cost-effectiveness of continuation maintenance pemetrexed after cisplatin and pemetrexed chemotherapy for advanced nonsquamous non-small-cell lung cancer: estimates from the perspective of the Chinese health care system, *Clin Ther*, 2013;35(1):54--65, Elsevier, copyright 2013.[@b21-ceor-9-099]

**Abbreviation:** BSC, best supportive care.

###### 

Base case results (PAP)

  Outcome                             Pemetrexed                                      BSC        Difference
  ----------------------------------- ----------------------------------------------- ---------- ------------
  Discounted costs                                                                               
   Induction therapy (pemetrexed)     \$12,524                                        \$12,524   \$0
   Maintenance therapy (pemetrexed)   \$0[a](#tfn4-ceor-9-099){ref-type="table-fn"}   N/A        
   Adverse events                     \$67                                            \$5        \$63
   BSC (PFS)                          \$3,388                                         \$2,394    \$994
   BSC (PD)                           \$23,222                                        \$21,211   \$2,011
   Total cost to payer                \$39,202                                        \$36,134   \$3,068
  Discounted outcomes                                                                            
   QALYs (PFS)                        0.30                                            0.21       0.09
   QALYs (PD)                         0.44                                            0.41       0.04
   Total QALYs                        0.74                                            0.62       0.13
                                                                                      ICER       \$24,319

**Note:**

The cost of pemetrexed for maintenance therapy is covered by the PAP.

**Abbreviations:** BSC, basic standard care; ICER, incremental cost-effectiveness ratio; PAP, patient assistance program; PD, progressive disease; PFS, progression-free survival; QALYs, quality-adjusted life years.

###### 

Scenario analysis

  Scenario         PAP        Non-PAP    Difference
  ---------------- ---------- ---------- ------------
  5% scenario                            
   Cost to payer   \$36,287   \$36,134   \$153
   Total QALYs     0.63       0.62       0.01
  10% scenario                           
   Cost to payer   \$36,440   \$36,134   \$307
   Total QALYs     0.64       0.62       0.01
  15% scenario                           
   Cost to payer   \$36,594   \$36,134   \$460
   Total QALYs     0.64       0.62       0.02
  20% scenario                           
   Cost to payer   \$36,747   \$36,134   \$614
   Total QALYs     0.65       0.62       0.03
  25% scenario                           
   Cost to payer   \$36,901   \$36,134   \$767
   Total QALYs     0.66       0.62       0.03

**Notes:** Each scenario refers to the percentage of patients in the PAP arm on pemetrexed vs BSC at the start of the model. All patients in the non-PAP arm are assigned to BSC.

**Abbreviations:** PAP, patient assistance program; QALYs, quality-adjusted life years; BSC, basic standard care.
